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Space-dependent shift of spectral lines in laser-produced plasmas P. Jaeglé On account of the role of ion spectra for studying the properties of dense plasmas produced from laserirradiated target, the understanding of the relation between spectral emission and plasma parameters has to be improved. The fact that density and temperature exhibit strong variations along the normal to target surface, and possibly along directions parallel to the surface, is of great importance for physical processes such as generation of magnetic fields [1, 2] , emission of fast particles [3] , and also because it modifies appreciably the observed features of core emission in the X-ray and extreme ultraviolet (EUV) ranges [4, 5] . Therefore a large spatial resolution is to be desired in the spectral studies. Here we report the observation of a space-resolved red-shift of spectral lines, measured for a single laser-shot. on a distance covering more than 100 ~ along the focusing axis of the laser-beam. Such an observation of large systematic shift of ion lines is a new fact in dense plasma diagnostics which, until now, have been centered rather on line broadening [6, 7, 8] . The Using this system, the spectrum presented on figure 4 has been recorded from a single laser-shot of a Ndlaser focused on an aluminium target. The [4, 9] , especially in cases where the Doppler shift due to ion expansion velocity yields line asymmetry. Asymmetry results from the opacity of external expanding plasma shell and it appears as a blue-shift of self-reversed profile which allows the top of the line to be practically unshifted. Such features depend strongly on line intensity what is not the case of the shifts observed here. Thus, in the present work, only the line widths are possibly affected by plasma opacity.
As to the line shift, Stark effect must be considered for explaining it.
Recent works suggest that an electric field other than the ion microfield can be generated in plasma as a consequence of suprathermal electron production [10, 11, 12] ; it is a possible cause of Stark displacement. However, in our time-integrated experiment, it may contribute only a small part in producing the line redshift because its peak value does not exceed 10 % of the ion microfield. Only in a time-resolved experiment, the measurement of the shift could give valuable information on this field which is to be considered in studying transport of energy in the plasma.
The intense field of the Nd-laser can also be invoked as a source of Stark effect. If it would be the case in the experiment reported here, the shift must be sensitive, for instance, to small variations of the focusing distance used for producing the plasma. In fact, the observed shifts are practically constant when this distance varies of more than ± 100 ~, what must modify significantly the laser intensity in the consi- where N is the perturber density in cm-3, bE the shift in eV, Z the perturber charge and n the quantum number of the upper level. For Z = 10, n = 3 and bE = 0.75 eV, the maximum value of shift, the density must be : N = 5 x 1021 cm -3 for ions, so that the electronic density should be 5 x 1022 cm -3. These values are quite credible at short distance from the target. However, it must be pointed out that, on account of the charge Z and the electronic density, one cannot exclude a contribution to the displacement from the so-called polarisation shift [18] .
In conclusion, since reabsorption does not affect significantly the observed effect, the measurement of the line shift will likely be an efficient tool for laserplasma studies above the critical density, for which the laser light frequency is equal to the plasma frequency, provided that further improvement of Stark shift calculation allows an accurate derivation of density from the experimental results.
